The BP flakes studied here were transferred onto a Si/SiO2 substrate (oxide thickness: 300 nm) by mechanical exfoliation 20 . Since BP rapidly degrades under ambient conditions 21 it must be encapsulated under a protective layer to prevent oxidation 22, 23 . We deposited a 5 nm protective layer of SiO2 over the entire sample by sputtering. The protected BP flakes remained stable and clean for months. A schematic of a SiO2/BP/SiO2 heterostructure is shown in Fig. 1a , alongside a typical optical microscope image. We explore the system with ultrafast near-IR pump / mid-IR probe s-SNOM, which combines the strengths of near-field microscopy with femtosecond time resolution and has successfully accessed the ultrafast local photoconductivity of graphene 9 , semiconductors 24 , and insulator-metal phase change materials 25 , as well as transient surface plasmon modes on graphene 10 .
Our SiO2/BP/SiO2 heterostructure is globally illuminated with a near-IR pump pulse (centre wavelength 1560 nm, pulse duration 40 fs FWHM), which drives interband excitations in the BP flake ( Fig. 1b ) but does not affect the large-bandgap SiO2 layers. The photo-generated free carrier density defines a plasma frequency in the mid-IR. As a consequence, the scattered near-field intensity I4 (for further details on the demodulation technique see Methods) of our mid-IR probe pulses is strongly modified when the near-field tip is located over the BP heterostructure (Fig. 1c) . The signal sets on rapidly, for example with a rise time of ~380 fs (from 20% to 80% of its maximum) for the heterostructure shown in Fig. 1 , followed by a non-exponential decay for pump-probe delay times tpp < 5 ps and a persistent state of reduced scattering response that survives for >10 ps. These dynamics are related to the ultrafast evolution of the BP complex conductivity -and hence the dynamics of electron-hole pair generation and recombination -but the nonlinear scattering response makes this relation nontrivial 24 (see Supplementary Section 1 for details).
Interestingly, the pump introduces a sub-micron-scale spatial inhomogeneity into the probe scattering response. Figure 1d shows a topographic image of a selected region of the heterostructure recorded by atomic force microscopy. The surface is clean and flat (nominal flake thickness: 110 nm) aside from folds at the borders of the investigated area. The simultaneously recorded broadband mid-IR near-field intensity scattered off the flake is small relative to the SiO2 substrate and roughly uniform prior to near-IR photoexcitation (Fig. 1e, top) . In contrast, near-IR pumping leads to a drastic increase in mid-IR scattering efficiency accompanied by a distinctive stripe pattern that runs parallel to the flake edges (Fig. 1e, bottom) , a characteristic reminiscent of interference fringes due to surface plasmon and phonon polaritons on graphene 2,3,10,12 and hexagonal boron nitride 5, 14 , respectively. We also observe similar patterns on many other photoexcited BP heterostructures (see Supplementary Section 2).
In order to understand the microscopic origin of this photo-response we spectrally analyse the scattered mid-IR signal originating from the heterostructure using Fourier transform infrared spectroscopy (FTIR). to a coupling between the surface phonon and surface plasmon modes of the heterostructure (Fig. 2b , right). We can directly measure the corresponding spectral changes in the scattered near-field amplitude.
To this end, the near-field tip is positioned on one of the bright stripes in Fig. 1e (indicated by a black circle) and the spectral amplitude s3 and relative phase φ3 of the scattered probe pulses are recorded as a function of delay after photoexcitation using time-resolved near-IR pump / mid-IR probe FTIR.
Normalizing the complex scattering response at a particular pump-probe delay with the response at negative delay times reveals the photo-induced changes to the amplitude (Fig. 2c , left) and phase ( Fig.   2c , right). Specifically, near-IR excitation enhances (suppresses) the amplitude of scattered radiation below (above) the unsplit phonon frequency (~34 THz). These changes manifest themselves in the phase spectra as a characteristic dispersive shape.
This response is consistent with the formation of a hybrid phonon-plasmon interface mode, as shown in The propagation of these dominantly phonon-like polaritons explains the emergence of the stripe pattern in Fig. 1e . The sharp near-field tip provides the required momenta in the evanescent field at its apex [24] [25] [26] [27] [28] , and thus launches mid-IR surface polaritons. After reflecting off the edges of the sample structure, they create standing waves with periodicity of λpolariton/2, which can be resolved as a spatial modulation of the scattered near-field intensity. While such interference fringes are absent in near-field images of the unexcited BP heterostructure (e.g. Fig. 1e , top), they appear as soon as the near-IR pump pulse photoactivates the hybrid mode within the Reststrahlen band (e.g. Fig. 1e, bottom) . The mode activation is not critically dependent on the near-IR pump photon energy provided the latter exceeds the BP bandgap (see Supplementary Section 1).
We test our assignment of the fringes (Fig. 1e) to the hybrid polariton mode by recording FTIR spectra as a function of the location of the near-field tip with respect to the standing wave pattern of the polariton -a technique that has been well established for mapping out the dispersion of surface polaritons 5, 10 . energy-momentum map of the hybrid interface polariton excited in our experiment (Fig. 3b) . As expected, this mode is confined in energy to a region much smaller than our probe-pulse bandwidth (Fig. 2a) and in momentum to a region much smaller than the bandwidth supported by the evanescent field at the tip apex 4 . Moreover, the frequency and momentum of the polariton correspond well to the region of enhanced oscillator strength in the hybrid mode dispersion predicted by the transfer matrix model (Figs. 3b and 3c ).
The hybrid phonon-plasmon-polariton mode is based on a photo-excited intrinsic semiconductor, and is thus both transient and completely switchable. Additionally, the fact that both the frequency and the wavevector of hybrid polaritons within the Reststrahlen band are only weakly dependent on the BP plasma frequency makes them particularly promising for ultrafast switchable nanooptics. To corroborate this key advantage, we record near-field snapshot images as a function of near-IR pump / mid-IR probe delay time (Fig. 4a) . Although the mid-IR probe pulses are broadband, the tip launches relatively narrowband polaritons because their frequency and momentum are selected by the hybrid mode. Clear interference fringes emerge even within the rise time of the scattering response (tpp = 0 fs, defined in Fig. 1c) . We investigate the emergence time of the fringes, and thus the onset time of the polariton mode, by resolving line scans of the scattered near-field intensity perpendicular to the edge of the BP flake in another, similar heterostructure as a function of pump-probe delay. As can be seen in Fig. 4b , the average amplitude of the polariton interference fringes in Fig. 4b rises from zero to above the noise level within < 50 fs (Fig. 4c) . At later delay times a saturation of this amplitude suggests a rise from zero to half its maximum on the order of ~90 fs.
Generally, the fringes remain visible for the entire 5 ps lifetime of the enhanced scattering response (Fig. 4a) and, remarkably, the fringe spacing is nearly constant as a function of pump-probe delay despite the concurrent evolution of the BP carrier density and surface plasmon dispersion (see Additionally, it has been shown previously that hybrid phonon-plasmon-polariton modes can exhibit propagation lengths surpassing those of their constituents 14 .
In conclusion we have performed ultrafast measurements of BP on the nanoscale and resolved 
Methods

Sample preparation
The SiO2/black phosphorus/SiO2 heterostructures were produced by mechanical exfoliation of black phosphorus onto an intrinsic silicon wafer (380 µm) capped with a buffer layer of thermal SiO2
(300 nm). The sample was subsequently sputtered with amorphous SiO2 using an Argon plasma with a pressure of 2.5 × 10 -3 mBar and RF power of 70 W. The approximate growth rate is 1 Å/s, resulting in a nominal oxide thickness of 5 nm on the sample.
Ultrafast s-SNOM setup
The ultrafast near-field scanning microscopy setup is based on an ultrastable Er:fibre laser system. Two branches are frequency-tailored in nonlinear optical fibres and their output is used for difference frequency generation of 60 fs long mid-infrared probe pulses centred at 36 THz (1200 cm -1 ). A third arm serves as a pump beam operating at 1560 nm (6410 cm -1 ). We use a nonlinear fibre to compress the pump pulses to 40 fs full width at half maximum (FWHM). Both the mid-infrared probe pulses and the near-infrared pump pulses are focused onto the tip of a commercial apertureless scanning near-field optical microscope using a parabolic mirror. The scattered mid-infrared probe intensity is measured using a mercury cadmium telluride detector. To suppress background radiation, we detect the scattered 
